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Abstract 
Modeling transportation systems at the microscopic level is currently gaining favoramong researchers throughout 
the world. A multi-agent system, which is one method of microscopic modeling, is a dynamic framework dealing 
with the behavior of each individual actor in the transport system, and is especially favored for passenger transport 
models. Likewise, freight systems need a similar framework to better represent the interactions amongst freight 
agents, as large numbers of heterogeneous freight actors and other factors are involved. This paper proposes an 
extension of a multi-agent transport modeling system to cover the area of freight movement. The focus of this paper 
is at the stage of commodity distribution, in order to model the links between suppliers and receivers of commodities. 
The model is developed based on the principal of commodity movement through supply chains. The structure is a 
demand derived model, where receivers are the decision makers who choose their suppliers. The model is constructed 
based on the discrete choice method, considering the constraints of the amount of the commodity generated and the 
amount desired by each of the companies, travel impedance and attractive factors of the shippers. The model is 
developed and applied to the movement of urban freight in the Tokyo Metropolitan Area. 
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1. Introduction 
The development of freight modeling lags behind that of passenger transport for several reasons. First, 
modeling a freight system is a very difficult task because of its complexity. Freight movement involves 
complicated linkages among many freight agents interacting in supply chains. A number of freight agents 
(eg. shippers, receivers, dispatchers, and drivers) act as decision makers in different situations. For 
purchasing and delivery, a receiver decides its own suppliers and the amounts of commodities required, 
while shippers (and sometimes together with the receiver) decide the shipment size and dispatch choice. 
If the delivery involves with third party logistics (3PL), the dispatcher becomes the decision maker who 
decides the mode of transportation and the organization of the delivery. A further complication is due to 
the heterogeneity of the freight system, whereby the characteristics of commodities vary in volume, 
weight, value, and shape. In addition to the complexity, another modeling challenge is limited data 
availability, due in large part to privacy issues. In addition, current innovations in freight movement, such 
as Just-In-Time and third-party logistics, adopted in several freight organizations need to be considered 
when modeling freight systems. The microscopic modeling approach is currently gaining more favor in 
both passenger and freight demand modeling. The multi-agent system, which is one microscopic 
modeling method, is found to be suitable for modeling freight systems since it can better reflect the real 
mechanism of movement. The complicated interactions among freight agents can be expressed better 
through a multi-agent system. 
When creating a multi-agent model of freight movement, a module to identify the shipper and the 
receiver of each shipment is necessary. An earlier modeling method is a freight distribution model based 
on the traditional four-step approach, generally based on a gravity model. Gravity models calculate the 
flows (either in terms of numbers of trips or tons of commodities) between each origin and destination 
pair as a function of generation and attraction of the origin and destination zones weighted by an 
impedance term that represents transport costs between the zones of the pair. This technique is, however, 
dealing with freight movement at the zonal level and, therefore, not suitable to be applied in a multi-agent 
system where single shipments are considered. 
One of the biggest obstacles for developing multi-agent freight system for the commodity distribution 
part is to identify the connection between each pair of shipper and customer. At present, there are many 
models developed using logit model for calculating the fractions. However, the question is to calibrate 
that kind of model, one need to know exactly which the shipper for each customer. This is obviously 
impossible to be obtained this detailed data in reality. The objective of this study is therefore to develop a 
commodity distribution model for a multi-agent system to overcome the problem of data availability for 
model calibration. The model is based on the decisions of each individual customer on purchasing 
commodities from each individual shipper. The commodity distribution can be viewed as a supplier 
location choice model to which a discrete choice model can be applied. The commodity flows between 
shippers and customers are calculated based on a logit model, constrained by the amount of the 
commodity generated and attracted by each of the companies considering the distance between companies 
and attractive factors of the shippers. The model is developed and applied for the urban freight movement 
in the Tokyo Metropolitan Area. 
1.1. Development of freight models 
Several approaches have been proposed to model freight systems. The earliest approach was to model 
freight movement together with passenger movement by introducing a percentage to represent freight 
vehicles from the passenger trips. Another development stream tries to consider freight characteristics 
into the modeling. These models are called the “input-output model” where monetary flows between each 
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sector of the economy are used to calculate trade flows and later converted to the OD matrices of 
transport flows using a spatial dimension and commodity’s value to volume ratios [. The mainstream 
development of freight flows are on the basis of the traditional four-step approach. The first group of 
models is “trip-based approaches” where the model deals with truck trips at the aggregate level without 
addressing the level of commodity production and consumption. Another group is the “commodity-based 
approach” which was proposed to overcome the above drawback of the trip-based approach. This 
approach relies on the foundation that freight vehicle flows are the outcomes of the requirement for the 
movement of commodities. Therefore, instead of directly generating a number of truck trips; the model 
first calculates the amount of commodities’ consumption and production. Thus, this model needs an 
additional step to convert commodity flows to freight vehicle trips. Holguin-Veras [2] provides a good 
summary on the differences, advantages, and disadvantages of both approaches. Most models developed 
in recent years are categorized into the commodity-based group. 
Besides the four-step model, another development, a top-down approach, is the Origin-Destination 
synthesis technique. The model estimates freight OD matrices using secondary data sources such as links’ 
traffic counts. This development group can be categorized as both a “trip-based approach” and a 
“commodity-based approach”. Many models in this category are facing the problem of how to model 
empty freight vehicle trips. The number of empty trips is not negligible as it accounts for 30 to 40 percent 
of the total truck trips [3]. Commodity-based approaches are more suitable since the amount of 
commodities is converted to truck trips and become easier to integrate the empty trips into the modeling 
framework. Holguin-Veras and Patil [3] is, for example, a commodity-based OD synthesis model 
including empty trips when estimating freight OD matrices from the observed link volumes. 
1.2. Activity-based model 
In recent years, as a result of increasing computer performance, many researches in the field of 
demand modeling have turned to modeling the individual behavior of the actors involved for both 
passenger and freight transports. These models are the so-called “activity-based models”. Multi-Agent 
models also belong to this category. Some examples of the activity-based model for passenger transport 
are: Albatross developed for Dutch passenger transport [4] and Matsim (Multi-Agent Transport 
Simulation) applied to passenger transport in several cities such as Zurich and Berlin [5]. The models 
utilizes an activity diary for each individual person to specify trip purpose, location, mode of transport, 
and so forth in order to realistically represent peoples’ activities in time and space. The recent 
development of a trip distribution model in the activity-based modeling style, instead, deals with the 
activity of each individual person rather than a zone. The primary location choice model for passenger 
transport proposed by Marchal [6] is an example. This model views the origin and destination zones of 
each trip, such as work trips, for each individual as a location choice problem. The choice is determined 
by the total number of spaces available in each destination or origin zone and the travel impedance 
between origin and destination. In models of freight transport, disaggregate models are mostly used for 
modal choice and traffic assignment, while other questions are usually modeled at the aggregate level. 
This is due to data availability; it is very difficult to acquire comprehensive disaggregated data because of 
privacy issues. Since the 1990s, there has been several research groups attempted to develop freight 
movement models at the microscopic level [7]. For example, INTERLOG in Germany [8], SAMGODS in 
Sweden [9], SMILE in the Netherlands [10]. The characteristics of each model differ due to the 
availability of data. However, these models all incorporate knowledge on logistics into the modeling of 
the freight system. The works of Wigan and Soutworth [11] and Liedtke et al [12] provide good 
summaries and comparative studies on the developments of freight demand models. 
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1.3. Distribution models 
In the traditional four step approach, a trip distribution model is used to assign the locations of 
peoples’ activities. The usual approach is to use a gravity model to connect origins and destinations for 
the generated trips or, more precisely, between each pair of zones. On the other hand, the economic-based 
Input-Output model is trip distribution model that connects demand and supply between sectors of 
economy, but the model works in monetary units. However, the traditional style could not represent 
realistic behavior, since it assumes people living in the same zone behave in the same way. There are 
some examples of models which attempt to improve the traditional modeling style by considering spatial 
interaction and logistics concepts. For example, Sivakumar and Bhat [13] applied the fractional split 
distribution model, which is similar to a multinomial logit model, to determine the consumption level at 
each generation zone to modeling freight systems at the statewide level. Boerkamps et al.[14] proposed 
an urban freight movement model integrating the behavior of the freight actors in the supply chain 
including shippers, carriers, receivers, and government regulators. The model predicted the commodity 
flow based on the consumption demand of end users, according to the spatial distribution of companies. 
Garrido and Mahmassani [15] developed the distribution of freight transportation demand model in space 
and time. They modeled the distribution of the choices of shipments (defined by commodity type, origin, 
destination, mode, and time) using a multinomial probit model. The model was applied to shipments in 
Texas to estimate commodity flows in different seasons. 
2. Conceptual framework of freight movement 
Modeling freight movement requires an understanding of the overall freight system. Freight movement 
has more complexity than passenger transport, since it deals with commodities passing through several 
freight actors and supply chains. Fig. 1 shows freight movement viewed from different perspectives. One 
important point in freight system modeling is to consider the different perspectives of commodity flows 
through supply chains, and the physical flows of commodities. At the supply chain layer, the flows 
represent the interaction between demand and supply of the commodities between the companies while 
the details on the facilities involved in the physical distribution are not yet considered. The commodities 
may be transported many times through depots or distribution centers before being dispatched to the 
customers, particularly when large companies are involved. Moreover, the commodity flows may involve 
multimodal infrastructures (such as rail, inland-waterway, coast, and road for long distance delivery and 
truck for in-city distribution). In addition, other infrastructures (such as Freight Village (FV) and 
Distribution Center (DC)) are used for transshipments between transport modes. The physical commodity 
distribution also includes the characteristics of the delivery route of trucks and the milk run characteristic. 
Tavassy [7] explains the different markets involved in freight transport systems and the relationships 
of demand and supply in these markets in which a freight system is defined as the interaction among 4 
markets: market of production, market of goods, market of logistics, and market of infrastructure. Based 
on the Tavassy’s market concept, Fig. 1 is constructed to represent freight system in different layers and 
the interactions among the constituent markets. Different perspectives of freight movement are presented 
from the viewpoint of supply chain, multimodal infrastructure, and physical goods distribution. Each 
layer represents the interactions within a market and summarizes the actors involved. Not only producers 
of commodities are categorized as shippers, shippers include wholesalers and retail stores who ship 
commodities. While, receiver is, as the name implies, the receiver of the goods shipped from the shipper 
who can be a wholesaler (if it receives a commodity from a factory) or an individual household. In the 
market of goods production and consumption, not only shippers and receivers interact, the administrator 
at the city level who controls policies that effect the level of production or consumption should also be 
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considered. For the market of infrastructure, dispatchers are involved if the delivery is conducted by other 
parties in addition to the shipper and receiver. The decision in this market is transport choice (eg. road or 
rail). At this stage, administrator may have an impact on the market through policy measures such as the 
construction of infrastructure or facilities to encourage the usage of multi-modal transport. All the freight 
actors are involved in the market of logistics and transport services. The shipper and receiver are involved 
in the choice of the shipment size and the mode of transport, while, the dispatcher is involved in the 
transport of goods between shippers and customers. Again, the administrator is involved through 
measures that may impact on the market such as subsidies or taxes or restrictions on transport modes or 
facilities. 
 
Fig. 1. The relationship of freight movement, the involved markets and actors 
3. Model structure 
3.1. Model formulation 
The BLP model developed by Berry, Levinsohn and Pakes [16] explains the market equilibrium 
between supply and demand. From the BLP demand model, the utility of a consumer j from choosing 
product i is expressed as a function of the price of product (Pi), the vector of characteristic of the product 
(xi), the vector of the consumer characteristics (Wj), and a vector of parameters θ. The utility function is as 
depicted as below: 
 
                                                       );,,( TW jii xpU                                                                      (1) 
 
In the similar way, this study assumes the utility for a customer j of choosing to purchase products 
from shipper i, Uij is expressed as follows: 
 
                   ijRijij XU HPE                                                                  (2) 
 
Where, the vector of characteristics associated to the purchase between customer j and shipper i 
represented by Xij. E is the vector of parameters associated to Xij. PR is a scale parameter and Hij is a 
random unobserved variable. Let Hij is assumed to follow a Gumble distribution. Therefore, the 
probability of commodity flow between customer j and shipper i, Pij become: 
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Where, I is the total number of shippers and J is the total number of customers in a study area. From the 
law of conditional probability, the formulation can be written as follows: 
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The probability that customer j choosing to purchase commodities from shipper i ( )( jiP ) is 
formulated as follows: 
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The total number of kilograms of commodities generated and attracted by shippers i and customers j in 
a study area is N and the equation becomes: 
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Where, iG  is the weight of commodities generated by shipper i. jA  is the weight of commodities 
attracted to customer j.  
 
The commodity flow between shipper i and customer j is: 
 
                                                                   )( jiPAQ jij                      (8) 
 
Where, ijQ  is the weight of commodities flow between shipper i and customer j. Therefore, the 
formulation becomes: 
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3.2. Estimation technique 
Let )exp( 1 ii xx E  and )exp( 2 ijij cc E ; therefore Eq. (9) can be rewritten: 
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The formulation in Eq. (10) can be solved as a nonlinear system. Let x  represents a vector of xi, from 
Newton’s method x can be approximated from the linear approximation of the nonlinear equation. 
Therefore, x  at iteration t+1 can be written as:  
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Where, )(' tf E is the derivative of the nonlinear equation. From equation (10), each element of the 
Jacobian matrix is derived as follows: 
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Where, ¦
 
 J
k
kjkj cxz
1
. The calculation algorithm is explained in Table 1.  
Table 1. Calculation algorithm 
 Step  Description 
1 At iteration t=0, select an initial value of xt = x0.  
2 Compute )(' txf  from Eq. (12) using tx  
3 Compute 1tx  from Eq. (11) using tx , )(' txf  from step 2) 
4 Repeat steps 2) and 3). If H
t
tt
x
xx 1
, then stop the iteration. 
Note: H  is set 0.00001 in this study. 
 
 
 
 
541 Wisinee Wisetjindawat et al. /  Procedia - Social and Behavioral Sciences  39 ( 2012 )  534 – 542 
 The OD of the commodity flows between shippers and customers. Each element of the OD matrix is: 
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4. Application to the Tokyo metropolitan area 
The model is applied to the Tokyo Metropolitan Area (TMA). The area covers five prefectures 
including Tokyo, Kanagawa, Chiba, Saitama, and the southern part of Ibaraki. The model is calibrated 
using the data of the Tokyo Metropolitan Goods Movement Survey (TMGMS) collected by the Ministry 
of Land, Infrastructure and Transport which surveyed the movement of goods by firms in the TMA 
approximately every 5-10 years. This study chooses the most recent version of the 2004 dataset for 
analysis. The zoning system in this study is the municipality system, thus the number of zones in this case 
is 375 zones. 
The parameter xi, which is the production cost associated to the purchase between a pair of shipper and 
customer, in this study we represent it by the production cost of a product calculated by land price. The 
other cost associated to the purchase between i and j is the transportation cost between shipper i and 
customer j. 
The estimation of the xi is presented in Fig. 2.  
 
 
Fig. 2. Example of output of land price distribution plotted in Google Earth 
542   Wisinee Wisetjindawat et al. /  Procedia - Social and Behavioral Sciences  39 ( 2012 )  534 – 542 
5. Conclusion  
This paper has proposed an alternative method to estimate commodity OD matrices between each 
individual company of shippers and receivers of the commodities. The model is developed based on the 
decision choice behavior of each individual customer on purchasing commodities from each individual 
shipper, including factors such as the amount of the commodity generated and attracted by each of the 
companies, the distance between the companies, and attractive factors of the shippers. The model is 
developed and applied to the case of goods movement in the Tokyo Metropolitan Area.  
This study attempts to model freight systems in a multi-agent modeling style with the available data. 
As previously stated, one of the main obstacles for modeling freight systems is data availability, 
especially when trying to model the system at the microscopic level, where very detailed information on 
demand and supply and the transport system are required. A suggestion for further study, therefore, 
includes an improvement of the data quality by conducting an additional survey to gather more detail in 
the factors involved in the decision. 
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